Background: Traumatic brain injury (TBI) is an increasingly diagnosed condition, but the trends in TBI visits and the cost of which have not been quantified from the hospital perspective.
Introduction
Traumatic brain injury (TBI) is common in the United States, with an estimated 1.7 million occurrences each year. 1 According to a 2010 Centers Disease Control and Prevention (CDC) report, TBI results in 275,000 hospitalizations and 52,000 deaths annually. 1 Annual costs attributed to TBI are substantial in the United States, with an estimated $76.5 billion in direct medical costs and indirect costs, such as lost productivity and wages. 1, 2 Given the impact of TBI, more research has focused on this topic. A recent survey of US Levels 1 -3 trauma centers indicated dramatic improvement in adherence to Brain Trauma Foundation guidelines for management of patients with severe TBI in contrast to earlier survey evidence. 3 Hesdorffer et al. 3 commented on the importance of adhering to these guidelines as a protocol to improve outcomes in patients with severe TBI. Similarly, Faul et al. 4 reported that if Brain Trauma Foundation guidelines were followed more routinely, there would be substantial savings in annual medical and rehabilitation costs, $262 million and $43 million, respectively. Whitmore et al. 5 argued for aggressive treatment of severe TBI based on their cost-effective analysis. In their decision-analytic model, the researchers found that for the average 20 year-old, aggressive care yields a highly significant difference in quality-adjusted life years gained (p<0.0001).
Some recent studies have sought to classify the burden of TBI, using International Classification of Diseases 9 th Revision, Clinical Modification (ICD-9-CM) Codes. The CDC regularly updates a TBI report, using specific ICD-9-CM codes to identify all TBIs in the United States. 1 While it stratifies TBI events by emergency department visits, hospitalizations and deaths, it does not explore the economic ramifications of TBI. Hu et al. 6 used the Thomson Reuters MarketScan ® database to describe the demographic characteristics, injury severity, morbidity and other variables related to TBI. Using the same ICD-9 codes as in the CDC report, the researchers examined TBI occurrence and mortality rates, and quantified the cost of TBI from the perspective of payers (insurance companies). In a 2008 retrospective review of medical records, Carroll et al. 7 sought to understand the sensitivity of ICD-9 codes in the definition of TBI. They found the ICD-9 TBI codes to be 89% sensitive for the presence of any TBI compared with medical records (specificity was not determined because all cases had TBI). Despite this research, the literature often discusses TBI without differentiating between treatment settings, making it difficult to understand the factors associated with TBIs requiring different levels of care. Furthermore, there is little evidence on the hospital costs associated with TBI. 8 To bridge these gaps in the literature, this study sought to estimate hospital-reported rates and costs associated with TBI. TBI visits were stratified by inpatient and outpatient visits. The study examined the corresponding patient characteristics, hospital demographics, healthcare utilization and trends over time of TBI visits from the perspective of the hospital.
Methods
This study utilized clinical and billing data from the Premier hospital database. 9 This database contains clinical and utilization information from more than 600 US hospitals and ambulatory surgery centers. It includes over 45 million inpatient discharges and more than 210 million hospital outpatient visits from acute care facilities, ambulatory surgery centers and clinics across the nation. The data used in this study included hospital discharge data from January 1, 2007 through December 31, 2012. Only hospitals (284 hospitals) included in all 6 years of the analysis time frame were used to identify TBI visits.
Patient visits were identified by the presence of one or more TBI-related ICD-9 codes during the time of their visit. These codes were: 800.xx -804.xx; 850.1 -850.5; 850.9; 851.xx -854.xx; and 959.01. These codes are consistent with the literature defining TBI. 1, 6, 7 Patient characteristics examined included age (<18, 18-24, 25-44, 45-64, 65+), race (Caucasian, African-American, other), gender, marital status (married, unmarried, other/unknown) and insurance type (commercial, Medicaid, Medicare, managed care, other). Patient's health status and mortality risk were assessed by the 3M TM All Patient Refined Diagnosis Related Group (APR-DRG) Health Status and Mortality Status system, a patient risk stratification system that stratifies inpatient visits by how sick the patient was and how likely they were to die during that visit. 10 Health status was categorized as requiring inpatient treatment for minor, moderate, severe or extreme medical problems, or requiring only outpatient care. Similarly, mortality risk was categorized by an inpatient visit with minor, moderate, severe or extreme risk of mortality, or requiring only outpatient care. Patient visits were also examined by admission source (the vast majority were admitted to the emergency room) and discharge status (the vast majority were discharged home or to a home health agency). Hospital characteristics examined included census region, urban or non-urban setting, hospital teaching status and hospital size based upon number of beds (<100, 100-199, 200-299, 300-399, 400-499, 500+).
Descriptive statistics were provided for the 2012 TBI patient visits for patient characteristics, hospital characteristics, length of stay, charges and costs. The year 2012 was chosen to provide the most recent estimates of these statistics. Continuous variables such as patient visits were summarized by means, medians and standard deviations. Binary variables were reported as proportions. T-tests and Chi-square tests were used to determine whether differences in these proportions between inpatient and outpatient TBI visits were statistically significant.
The proportion of visits identified as having a TBI were calculated by dividing the number of new visits of interest by the entire number of hospital visits for a given year. For example, the proportion of TBI visits in 2007 was obtained by dividing the number of TBI visits by the number of Premier Hospital visits for 2007. TBI visit rates were calculated for the following categories: overall TBI visits, inpatient TBI visits, outpatient TBI visits, US census regions (Midwest, Northeast, South, and West) and age (<18, 18-24, 25-44, 45-64, ≥65). Compound Annual Growth Rates (CAGR) were calculated from the reported rates using the following equation:
(1) CAGR = (Ending Value/Beginning Value) 1/# of years -1
Results
During our study time frame, 2007 -2012, 1,544,922 TBI-related patient visits were identified. Table 1 shows the characteristics of the 305,077 TBI patients in our 2012 sample, of whom 36,373 (11.9%), were treated on an inpatient basis and 268,704 (88.1%) were treated as outpatients.
Turning first to inpatient TBI patient visits, Table 1 reveals that these visits were concentrated among older age groups. Indeed, more than 44% of inpatient TBI visits were for patients aged 65 or above. The age distribution is more uniform among TBI outpatient visits, though concentrations among the young (<18 years) and elderly (65 and over) were apparent. Overall TBI visits were concentrated among the very young and the very old as well. Patients in both inpatient and outpatient TBI cohorts were largely Caucasian and unmarried. There were more males than females in each cohort. Medicare insured the largest share of TBI inpatient visits (43.3%), reflecting the relatively older age of this cohort. Insurance status was more evenly distributed across payers in the outpatient TBI visit cohort. According to the 3M TM APR DRG stratification system, most inpatient TBI visits had moderate (36.15%) or major (31.23%) health status problems, and the majority of these inpatient visits were at minor (40.74%) or moderate (28.24%) mortality risk.
The majority of inpatient (67.73%) and outpatient (61.12%) patients were admitted through the emergency department. However, a significant proportion of inpatient TBI patients (14.97%) were admitted directly to a trauma center. Most patients with TBI-related inpatient visits (59.78%) were discharged to their homes or to a home health agency. The vast majority of patients with outpatient TBI visits (92.81%) were also discharged home or to a home health agency. Nearly 27% of patients requiring inpatient treatment were discharged to a rehab facility or skilled nursing facility. Almost 6% of inpatient TBI visits resulted in death at the time of the visit. This figure is just 0.15% for outpatient TBI visits.
Supplementary Table 1 shows the characteristics of hospitals treating TBI patients by location, teaching status and size. These hospitals were concentrated in the South US Census Region and in urban locations.
The majority of hospitals treating TBIs were teaching facilities and tended to be larger hospitals, with 200 beds or more. Inpatient TBI visits were concentrated in very large hospitals -43.77% of these patients were treated in hospitals having 500 or more beds. Table 2 shows utilization, charge, and cost information. The median length of stay (LOS) for a TBI inpatient visit was 3 days and the average length of stay 4.76 days ( Supplementary Figure 1) . Mean hospital inpatient charges were more than $53,000, well above median charges of $34,231, suggesting that a relatively small percentage of inpatients required particularly intensive treatment. Inpatient costs were far below hospital charges for the visit, however, with average costs of $12,717 and median costs of $8,176. The average TBI inpatient visit cost per day and median cost per day were $3,206 and $2,521, respectively. As Table 2 indicates, charges and costs were much lower for TBI patients in the outpatient setting. Figure 1 shows overall trends in proportion of TBI visits. The rate of TBI inpatient visits increased from 0.89% in 2007 to 0.99% by 2012 (CAGR=5.4%) within the Premier hospitals included in this study. The outpatient TBI visit rate grew more rapidly, from 0.73% in 2007 to 0.98% by 2012 (CAGR=6%). Supplementary Figures 2-3 show trends in TBI visits by Census Region of hospital location and patient age, respectively. Supplementary Figure 2 reveals that TBI visits have trended upward in all Census Regions, but has shown a particularly rapid increase in the Northeast Census Region, growing from 0.79% in 2007 to 1.25% by 2012 (CAGR=9.6%). Supplementary Figure 3 indicates that rates of TBI are highest for children (e.g., <18 years of age) and that the rate rose rapidly for this cohort (CAGR=6.6%). The proportion of visits with a TBI was lowest among subjects aged 45 to 64 at the time of visit. The TBI growth rate was lowest for the 18 to 24 age cohort (CAGR=4%).
Figure 1. TBI Incidence Rates by Site of Care
The incidence rate was calculated by dividing the number of outpatient/inpatient/overall TBI visits by the total number of outpatient/inpatient/overall visits in Premier data. TBI: traumatic brain injury; OP: outpatient; IP: inpatient
Discussion
This descriptive study sought to provide evidence on the characteristics of TBI patient visits, utilization, charges, TBI-related hospital costs and trends in TBI visit rates. Previous studies 6, 8 have not distinguished TBI patients by inpatient and outpatient visits. Further, these studies have not examined the costs associated with a TBI visit incurred by the hospital.
Hu et al. found the median insurer cost of a TBI inpatient admission to be $10,694. 6 However, this study was conducted from a payer perspective rather than the hospital perspective. This difference in the perspective accounts for the substantial variance in inpatient costs between that study and ours.
To examine inpatient costs of a TBI admission in context with hospital costs of other inpatient admissions, we compared our results to overall inpatient admission costs and those for intracranial injury compiled by the Healthcare Cost and Utilization Project (HCUP) of the Agency for Healthcare Research and Quality (AHRQ). 10 In 2010, the average cost of all hospital inpatient stays was $9,700. 11 The average cost of a stay for intracranial injury inpatient admission was $18,000. AHRQ defined intracranial injury using Clinical Classification Software (CCS). 11 The CCS definition of intracranial injury differs from the definition of TBI used in this study. Our definition, consistent with the CDC's definition, was broader than that used by AHRQ and resulted in average TBI-related inpatient hospital costs of $12,717. Nonetheless, our study suggests the hospital costs associated with TBI were substantial. Indeed, the estimated annual aggregate hospital cost of TBI visits was $3.5 billion (overall average cost of a TBI visit [inpatient and outpatient], $2,054, multiplied by the CDC's 8 estimate of annual United States TBI visits, 1.7 million).
This study found a particularly high rate of inpatient TBI visits among elderly patients aged 65 and over and the young, under age 18 years. In addition, the average hospital cost of a TBI visit was $12,623 and $9,930 for elderly patients and the young, respectively. A higher rate of falls or other accidents among older patients, in conjunction with other comorbidities may have played an important factor here. More research into the causes of TBI among the elderly would shed important light on this issue and potentially aid in the development of strategies to prevent these TBIs. Children were most likely to be treated as an outpatient and had an inpatient LOS of 3.2 days compared to 4.8 days for all TBI inpatient visits, suggesting the initial injury was less severe. However, ascertaining the causes of these events and understanding if the young are having multiple TBI visits is an important direction for future study. This avenue of research may lead to improvements in the prevention and treatment of TBI.
There was considerable variation in health status and mortality risk among TBI patients treated on an inpatient basis. This suggests that the burden of TBI may vary considerably among inpatients. Classification systems such as the 3M TM APR-DRG Health Status and Mortality Status system provide a fairly precise severity adjustment of the patient based on their underlying conditions. 10 But more detailed severity adjustments and multivariable analysis of TBI inpatient visits by the patient's health status and mortality risk should further clarify the health and cost consequences of TBI and provide useful inputs for efforts to model the cost and cost-effectiveness of alternative treatment modalities for TBI patients.
There are several limitations to this study that must be noted. This was a retrospective analysis using a hospital claims database (Premier). Detailed information about patient characteristics such as lab values, vital signs and neurological exams were not available. For instance, it would have been interesting to examine severity of TBI through the use of the Glasgow Coma Score, which is a neurological scale. Further, the Premier hospital database may be subject to errors of omission in the coding of TBI. The Premier hospital database is not representative of all US hospitals; therefore, caution should be taken in generalizing these findings. However, the 284 hospitals included in the analysis represent nearly 5% of US hospitals and are well distributed across the country mitigating this concern. Additionally, it was not possible to ascertain why the rates of TBI visits have risen fairly sharply over time, given the data source. Finally, the Premier database does not allow for tracking patients over time or through all avenues of health care providers. Thus, it was not possible to fully assess the number of TBI patients who sought follow-up care at a later date or with their primary care physician.
Conclusion
TBI is a serious medical condition that appears to be on the rise. To date, most research using claims data has focused on all TBI cases and has not examined the significant differences that may exist between TBI treatment in the inpatient and outpatient setting. Future research using large-sample claims data should further stratify TBI to better understand the factors affecting the costs and clinical outcomes of TBI. This stratification may inform and refine treatment strategies to enhance patient outcomes while providing cost effective care. 
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